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INFLUENCE OF THE TYPE OF MOLECULAR COMPOUND ON THE CONCENTRATION 
OF ATOMS OF MATTER I N  AN ALTERNATING CURRENT A R C  WITH 

THE I N J E C T I O N  OF SAMPLES BY AN AIR BLAST. 

A. V. M i l y u s  

The author  i n v e s t i g a t e s  t h e  method of determining t h e  
abso lu te  concent ra t ion  of atoms and t h e  inf luence  of t h e  
molecular composition of t h e  sample on t h e  concent ra t ion  
of n i c k e l  atoms i n  an a l t e r n a t i n g  cu r ren t  a r c  flame. The 
sample is i n j e c t e d  wi th  an a i r  b l a s t .  Both t h e  degree of 
i o n i z a t i o n  and temperature are experimental ly  determined. 
The r e p r o d u c i b i l i t y  of t h e  ana lys i s  f o r  atom concent ra t ion  
w a s  2-4 b e t t e r  using an air  b l a s t  t o  in t roduce  t h e  sample 
than f o r  t h e  usua l  method of sample in t roduct ion .  
temperature va lues ,  however, were 300-400°C h igher  wi th  
t h i s  new method. Various explanatory hypotheses a r e  pre- 
s ented . 

The 

ed 
i t  

The method of introducing a sample by an a i r  j e t  has come t o  be  introduc-  /15* 
widely i n  t h e  practice of s p e c t r a l  ana lys i s  i n  r ecen t  years  [l-51. I n  [ 4 ,  61 
i s  shown t h a t  i n  t h e  a i r  i n j e c t i o n  method t h e r e  i s  a sharp decrease i n  t h e  

in f luence  of t h e  chemical composition of t h e  sample on t h e  i n t e n s i t y  of t h e  
spectral l i n e s  i n  comparison wi th  t h e  method of evaporat ion of a powder from 
t h e  c r a t e r  of a carbon e l ec t rode .  

n 

The o b j e c t i v e  of our s tudy  w a s  an inves t iga t ion  of t h e  method of determin- 
ing  t h e  abso lu te  concent ra t ions  of atoms developed by N. A. Pr i lezhayeva [7] 
and t h e  in f luence  of t h e  molecular composition of t h e  sample on t h e  concentra- 
t i o n  of n i c k e l  atoms i n  an a l t e r n a t i n g  cur ren t  arc flame wi th  t h e  in t roduc t ion  
of t h e  sample by an a i r  b l a s t .  
atoms i n  an a r c  d ischarge  by t h i s  method e s s e n t i a l l y  involves  experimental  de- 
t e rmina t ion  of t h e  degree of i on iza t ion  and temperature.  
t h e  arc g a s  was  determined i n  r e l a t i o n  t o  t h e  i n t e n s i t y  of t h e  l i n e s  Cu I 
5105.6-Cu I 5218.2 1. The p r o b a b i l i t i e s  of t h e  t r a n s i t i o n s  of t hese  l i n e s  
measured by Huldt and cor rec ted  using the new va lues  of energy f o r  t h e  copper 
levels ,  w e r e  given i n  a s tudy  by V. N .  Kolesnikov [ 8 ] ,  which w e  a l s o  used. 
degree of i o n i z a t i o n  of t h e  e a s i l y  ionized second component of t h e  arc gas  was  
determined i n  r e l a t i o n  t o  tne i n t e n s i t y  of t h e  i o n i c  and atomic i i n e s  iviG i 
2779.8-Mg I1 2798.1 w. 
i n  t h e  s tudy .  
t h i s  s tudy  and t h e  d a t a  obtained i n  t h e  study of M. A. Alekseyev [91. The sam- 
p l e s  w e r e  prepared with carbon powder base wi th  t h e  add i t ion  of s a l t  a t  t h e  r a t e  
of 10% of t h e  content  of m e t a l .  For determining t h e  temperature of t h e  a r c  
and t h e  degree  of i o n i z a t i o n  of t h e  metal i n  t h e  sample,  CuS04 and MgC03 w e r e  

Determination of t h e  abso lu te  concent ra t ions  of 

The temperature of 

The 

Nickel i n  t h e  form of N i C 1 2 ,  N i C O  and N i S O  w a s  used 

These compounds w e r e  s e l ec t ed  f o r  comparison of t h e  r e s u l t s  of 

3 4 

*&umbers i n  t h e  margin i n d i c a t e  paginat ion of t h e  o r i g i n a l  fo re ign  t e x t .  
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introduced i n  a q u a n t i t y  of 1%. The s a m p l e s  w e r e  supplemented t o  100% w i t h  
charcoal  powder. 

The arc w a s  f e d  from an a l t e r n a t i n g  c u r r e n t  source with a c u r r e n t  of 6 amp 
and wi th  a d i s t a n c e  of 6 mm between t h e  e l ec t rodes .  The a c t i v a t o r  w a s  a DG-2 
generator .  I n  a l l  cases t h e  working region of t h e  flame was  used, as proposed 
by A. K. Rusanov [ l o ] .  For t h i s  purpose t h e  i n t e r e l e c t r o d e  gap w a s  placed ap- 
proximately 5-6 mm above t h e  o p t i c a l  axis of t h e  l i g h t  source system. 

A v i b r a t o r  w a s  used f o r  introducing t h e  powder i n t o  t h e  discharge; t h i s  is  
shown i n  t h e  Figure. 
t r o l l e d  by a manometer, w a s  kept  constant  a t  2 m/sec, as being most f avorab le  
f o r  elements of average v o l a t i l i t y  [ll]. 

The rate of t h e  air f low,  recorded by a r h e o s t a t  and con- 

The survey of t h e  spectrum w a s  w i t h  an /16 
ISP-22 spectrograph. 
seconds a f t e r  "free" combustion and continued 
f o r  30 sec wi th  a 0.03-mm sli t .  The photo- 
graphic material used w a s  "isoorthochromatic" 
p l a t e s  w i th  a l i n e  s e n s i t i v i t y  of 2 on t h e  
S t a t e  Standard s c a l e .  About 100 photographs 
were taken f o r  each sample; i n  each case 70 
photographs w e r e  i n v e s t i g a t e d  thoroughly by 
photometric techniques and processed. 

The exposure began 5 

On each photograph w e  made a photometric 
s tudy of t h e  l i n e s  M g  1 2 7 7 9 . 8 ,  M g  I1 2798.1 
and Cu I 5105.6, Cu I 5218.2 A; then w e  com- 
puted t h e  va lues  of t h e  r a t i o  of t h e  l ine 
i n t e n s i t i e s  of magnesium and t h e  l i n e s  of cop- 
per .  These r a t i o s  were used i n  determining 

Apparatus f o r  Introducing A i r  t h e  temperature (T) and degree of i o n i z a t i o n  
Samples i n t o  t h e  A r c .  1 = Elec- (x,) and then t h e  concen t r a t ion  of N i  ions .  

L tromagnet; 2 = Trough w i t h  a 
Scoop; 3 = Glass Funnel. The r e s u l t s  of t h e  computations are given i n  

t h e  table .  

. .  
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The r e l a t i v e  e r r o r  i n  measuring temperature is 0.6% and t h e  a b s o l u t e  concentra- 
t i o n  i s  18-28%. 

The abso lu te  concen t r a t ions  of atoms i n  t h e  arc gap which w e  determined 
are i n  s a t i s f a c t o r y  agreement i n  o rde r  of magnitude with the va lues  obtained i n  
[12, 13, 9,  7 ,  14, 151. However, t h e  concentrat ions of t h e  samples which w e  
took wi th  an i d e n t i c a l  content  of metall ic n i c k e l  i n  t h e  arc discharge d i f f e r e d  
from one another by a f a c t o r  of 1.2-2 times, whereas t h e s e  same n i c k e l  compounds 
i n  t h e  s t u d i e s  made by M. A. Alekseyev [12, 91 g i v e  abso lu te  concen t r a t ions  i n  
t h e  arc discharge d i f f e r i n g  from one another by a f a c t o r  of 2-5. Therefore,  
when using a n  a i r  b l a s t  t h e  r e p r o d u c i b i l i t y  of t h e  a n a l y s i s  i nc reases  by ap- 
proximately 2-4 t i m e s  i n  comparisonwith t h e  u s u a l l p u s e d  s p e c t r a l  method of ana- 
l y s i s  based on t h e  evaporation of o r e  from t h e  e l e c t r o d e  channel,  which a l s o  
i s  confirmed i n  t h e  s t u d i e s  of A. K. Rusanov [3, l o ] .  The d i f f e r e n c e  i n  t h e  
atom concen t r a t ion  i n  t h e  plasma of t h e  arc can b e  a t t r i b u t e d ,  as i n  [12, 91, 
t o  a d i f f e r e n c e  i n  t h e  s t r e n g t h  of t h e  bond and t h e  h e a t s  of subl imat ion of t h e  
atoms i n  t h e  n i c k e l  i n  t h e  molecular compounds which we used. However, t h e  
temperature va lues  which w e  obtained were 300-400°C h ighe r  than  t h e  va lues  i n  
191. I n  such a case t h e  mentioned f a c t o r s  should play a lesser r o l e  when using 
an a i r  b l a s t  than when t h e r e  is evaporation from e lec t rodes .  To be  s u r e ,  t h i s  
does no t  f u l l y  exp la in  t h e  dependence which w e  obtained. For an i n t e r p r e t a t i o n  
of t h i s  dependence it obviously is necessary t o  make use  of t h e  p a t t e r n s  of en- 
t r y  of substances i n t o  t h e  plasma of t h e  discharge and t h e  subsequent escape 
of atoms from it  i n t o  t h e  surrounding atmosphere. 

As noted by Ya. D. Raykhbaum i n  [ 4 ] ,  t h e  rate of evaporation of p a r t i c l e s  
i s  dependent on t h e i r  mass, du ra t ion  of t h e i r  presence i n  t h e  flame of t h e  arc 
and i t s  temperature. Rusanov i d e n t i f i e s  t h e  rate of flow of t h e  a i r  [ll] in- 
j e c t e d  i n t o  t h e  arc wi th  t h e  rate w i t h  which t h e  atoms, as a r e s u l t  of d i f f u -  
s i o n ,  are sepa ra t ed  from the gas cloud t h a t  forms during the evaporation of 
p a r t i c l e s .  The commensurability of t h e s e  f a c t o r s  is  confirmed i n  [6] ,  where 
t h e  rate of  d i f f u s i o n  of atoms is i n  good agreement wi th  t h e  rates of d i f f u s e  
escape of atoms from t h e  cloud of an arc found by Raykhbaum i n  [5] during t h e  
evapora t ion  of matter from t h e  channel of t h e  carbon e l ec t rode .  

Therefore ,  t h e  rate of d i f f u s e  escape of atoms from t h e  cloud is  commen- 
s u r a b l e  w i t h  t h e  rate of removal of t h e  products of evaporation by t h e  a i r  (2-4 
m / s e c >  according t o  [6] and must b e  taken i n t o  account when explaining t h e  
change of atom concen t r a t ion  i n  t h e  a r c .  Thus, i n  o rde r  t o  avoid t h e  e f f e c t  
of t h e  i n f l u e n c e  of t h e  composition of t h e  powder it is necessary t o  carry o u t  
t h e  a n a l y s i s  under cond i t ions  f a c i l i t a t i n g  t h e  compiete evaporat ion or' t h e  par- 
t icles.  

/17 

I w i s h  t o  express  deep apprec ia t ion  t o  my s c i e n t i f i c  d i r e c t o r ,  Candidate 
of P h y s i c a l  and Mathematical Sciences M. A. Alekseyev f o r  formulation of t h e  
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